ABSTRACT Supportive housing, defined as subsidized housing in conjunction with sitebased social services, may help improve the health and residential stability of highly disadvantaged individuals. This study examined changes in health status, quality of life, substance use, health care utilization, and residential stability among 112 homeless and vulnerably housed individuals who applied to a supportive housing program in Toronto, Canada, from December 2005 to June 2007. Follow-up interviews were conducted every 6 months for 18 months. Comparisons were made between individuals who were accepted into the program (intervention) and those who were wait-listed (usual care) using repeatedmeasures analyses. Individuals who were accepted into the housing program experienced significantly greater improvements in satisfaction with living situation compared with individuals in the usual care group (time, F 3,3,261 =47.68, pG0.01; group×time, F 3,3,261 = 14.60, pG0.01). There were no significant differences in other quality of life measures, health status, health care utilization, or substance use between the two groups over time. Significant improvement in residential stability occurred over time, independent of assigned housing group (time, F 3,3,261 =9.96, pG0.01; group×time, F 3,3,261 =1.74, p= 0.17). The ability to examine the effects of supportive housing on homeless individuals was limited by the small number of participants who were literally homeless at baseline and by the large number of participants who gained stable housing during the study period regardless of their assigned housing status. Nonetheless, this study shows that highly disadvantaged individuals with a high prevalence of poor physical and mental health and substance use can achieve stable housing.
INTRODUCTION
In comparison to the general population, homeless people are at increased risk for all-cause mortality [1] [2] [3] [4] [5] and often experience higher rates of acute and chronic health conditions. 6 Nearly two thirds of homeless adults suffer from mental illness and/or substance abuse. 6 Lack of preventative health care, difficulty in accessing needed care, and exposure to certain environments further contribute to negative health outcomes among this population. 7, 8 The combination of housing and support, which includes subsidized housing in conjunction with either site-based or community-based social services, has been widely studied as an approach to assist homeless people improve their residential stability. Approaches to how housing and support are delivered are broadly differentiated in the research literature as "supportive housing" or "supported housing." [9] [10] [11] [12] [13] Supportive housing provides tenants with onsite or closely linked medical, mental health, and substance abuse services. In a supportive housing approach, support and services are integrated into the housing setting, although staff may be on call and not physically on site in the case of supervised apartments. 11 In contrast to supportive housing, supported housing allows individuals to live independently and access regular housing in the community while offering them individualized and flexible support services that are client-centered. 12, 13 Overall, there is a lack of rigorous research evaluating the effectiveness of supportive housing, which includes a wide range of housing programs, complicating the interpretation of the research that has been conducted. Previous longitudinal research demonstrates that supportive housing can lead to long-term residential stability, improved quality of life, and a reduction in the frequency and length of hospitalizations and length of time in jail. [14] [15] [16] [17] [18] However, it is less clear whether the provision of supportive housing has a positive impact on physical health status or whether supportive housing can significantly reduce mental health symptoms or substance use among homeless individuals. [14] [15] [16] [17] [18] Moreover, these studies were conducted in the United States, where over half of homeless people lack health insurance. 19 It is uncertain what the effects of providing supportive housing would be for homeless people living within a system of universal health insurance. The changes in health care utilization seen in US studies may not be seen in other countries such as Canada, where there are fewer financial barriers to accessing health care. 20 In this prospective study, we examined a supportive housing program for homeless and vulnerably housed people in Toronto, Canada. We examined changes in health status, quality of life, substance use, health care utilization, and residential stability among individuals who were accepted into the program compared with those who were wait-listed for the program. We hypothesized that individuals placed in supportive housing (intervention) would report greater improvements in physical and mental health status, quality of life, residential stability, and decreases in substance use and health care utilization compared with the group who did not receive housing (usual care).
METHODS

Program Description
This study enrolled participants who applied to a newly opened supportive housing program for homeless and vulnerably housed individuals in Toronto, Canada. The supportive housing program is operated by the Evangel Hall Mission, a not-forprofit organization that also provides meals and support services to homeless and low-income individuals. The program is located in one building with 84 units, of which 66 were allocated for single adults. The units include bachelor, one-bedroom, and two-bedroom apartments which are fully furnished and have private bathrooms and kitchens. Tenants have access to a shared kitchen facility, a drop-in center offering meals and outreach services, as well as a medical and dental clinic providing free services. Individuals accepted into the program received rental subsidies and paid rent-geared-to-income (not exceeding 30% of income). The program partnered with COTA Health, a mental health and community support services organization that provided onsite support to tenants. Specifically, tenant support workers assisted residents with mental illness to transition into the housing program as well as providing ongoing help with living skills, counseling, and advocacy.
Sample Recruitment and Follow-up
This study sought to enroll applicants to the Evangel Hall supportive housing program who were interviewed for single adult housing units, including individuals with severe and persistent mental illness referred by COTA Health (30 units) and individuals without severe and persistent mental illness (36 units). The remaining units were reserved for families with children and individuals with acquired brain injury referred by COTA Health, nearly all of whom were accepted into housing. Because no comparison group was available for these applicants, they were excluded from this study.
Applications for the housing program were accepted from homeless and vulnerably housed individuals, most of whom were already receiving services from Evangel Hall Mission or other community-based service providers. Eligible applicants must have met at least one of the following criteria: (1) were homeless, defined as living and sleeping outside or on the street or sleeping in an emergency shelter or hostel or doubled up and staying temporarily with others; (2) were financially disadvantaged, defined as currently paying more than 50% of gross income on rent, were in receipt of or eligible for social assistance, and had a gross income not exceeding 3.3 times the market rent of the unit for which the applicant was eligible; or (3) were at-risk of homelessness, defined as currently paying more than 50% of gross income on rent or under an eviction order or renting a hotel or motel room by the month. Applicants were excluded from consideration if they were not eligible for rent-geared-to-income assistance due to lack of legal residence status in Canada or were currently in rental arrears with another subsidized housing provider and an agreement to repay the arrears had not been entered into or honored.
A total of 166 applicants were eligible for this study, 112 (67%) of whom agreed to participate and underwent a baseline interview prior to being informed of the outcome of their housing application (accepted or wait-listed). Participants gave written informed consent and received a $20 honorarium for each completed interview. This study was approved by the St. Michael's Hospital Research Ethics Board.
The baseline interviews were conducted between December 2005 and June 2007. Participants were re-interviewed approximately every 6 months after their move-in date (for individuals accepted into the housing program) or the date they received a notification letter that they had not been accepted into the housing program (for individuals who were wait-listed). Interviews took place at secure and private locations at community health centers, drop-in centers, homeless shelters, or the individual's place of residence. Interviews were also conducted at correctional facilities and hospitals, if the individual was incarcerated or admitted to the hospital at the time of follow-up. When a participant moved outside of the city, interviews were conducted by telephone. Data for the 18-month follow-up period were collected between September 2006 and December 2008.
Measures
Physical and mental health status was assessed using the 36-item Short Form health survey (SF-36), which measures health status, physical functioning, role limitations due to physical and emotional problems, bodily pain, general health, vitality, social functioning, and mental health across eight domains. 21 These domains were combined into two summary measures: the Physical Component Summary measure and the Mental Component Summary measure. 22 Quality of life was assessed using two complementary instruments. The EuroQol (EQ-5D) is a standardized health-related quality of life instrument that generates a composite score reflecting the preference value associated with a given health state based on five dimensions (mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression) as well as a global rating of current health using a visual analog scale ranging from 0-100. [23] [24] [25] The Lehman Brief Quality of Life Interview (QOLI) is a broad-based instrument designed to assess the recent and current life circumstances of individuals in eight domains including living situation, daily activities and functioning, family relations, social relations, finances, work and school, legal and safety issues, and health. 25 It also contains a global measure of life satisfaction. 26 The subjective scale of the Brief QOLI was used to measure satisfaction across the eight domains.
Alcohol use was assessed using the Alcohol Use Disorders Identification Test (AUDIT), which is used to identify the preliminary signs of hazardous drinking and mild dependence. 27, 28 Participants reported how often they consumed alcohol and whether they had experienced negative events as a result of their drinking (e.g., memory loss, injuries). AUDIT scores of eight or more were considered indicative of hazardous or harmful alcohol use, as well as possible alcohol dependence. 27 Drug abuse and the degree of problems related to drug use was assessed using the 20-item version of the Drug Abuse Screening Test (DAST-20). 29 The DAST-20 provides a measure of some of the types of problems caused by drug use in the following areas: family relationships, social relationships, employment, legal, and physical symptoms and conditions. 30 DAST-20 scores of 5 or higher were considered indicative of intermediate, substantial, or severe drug use problems. 29 Health care utilization was assessed through self-report. Participants reported on hospitalizations, psychiatrist visits, emergency department visits, and visits with other non-psychiatrist health professionals, including general practitioners, nurses, optometrists, dentists, and other specialists, in the past 6 months.
Residential stability was measured using the Residential Timeline Follow-Back Calendar, a validated method that allows for the collection of detailed and accurate information on housing history. 31 Participants' pattern of residences, hospital or prison stays, and periods of homelessness were recorded for each 6-month period. Residential stability was defined as living in one's own home or living with family or friends. Residential instability was defined as residing in jail, psychiatric hospital, drug treatment facility, or homeless shelters, or living in public places or on the street.
Data Analysis
Baseline characteristics for the 112 study participants were compared using Student's t tests for continuous variables and chi-square tests or Fisher's Exact tests (where appropriate) for categorical variables. Tests with p values less than 0.05 were considered statistically significant. All analyses were performed using SAS version 9.2 statistical software (SAS Institute, Cary, NC).
Repeated-measures analyses were restricted to the 89 participants who had data for all three follow-up interviews. Repeated-measures analysis of variance was used to assess between subject effects, within-subject effects, and group-by-time interactions during the 18-month follow-up period. Changes in health status, quality of life, substance use, health care utilization, and residential stability were assessed. Comparison groups were defined based on the group to which participants were initially assigned (intervention or usual care), regardless of whether they maintained their housing status or obtained other housing.
RESULTS
Demographic Characteristics
Of the 112 participants, 46 (41%) received supportive housing and 66 (59%) were wait-listed for the program. Demographic characteristics at baseline are shown in Table 1 . The final sample consisted of 81 (72%) men, 30 (27%) women, and one (1%) transgendered individual. The average age was 40.0 years (standard deviation=11.5 years). Ninety-eight (88%) participants reported that they had previously been homeless, with the total amount of time spent homeless ranging from 1 day to 33 years. Of those who reported being homeless, the first episode of homelessness occurred on average at 28.5 years of age, and the average homeless episode was 4.5 years.
Follow-up Rates
The follow-up rates for the intervention and usual care groups respectively for each time period were 93% and 89% at 6 months, 93% and 83% at 12 months, and 85% and 76% at 18 months. There was no significant difference in the proportion of participants lost to follow-up between the intervention and usual care groups at 18 months (15% vs. 24%, χ 2 =1.35, df=1, p=0.24). Participants who were lost to follow-up did not significantly differ from participants who had data for all three follow-up interviews with respect to demographic characteristics, housing status, health status, quality of life, substance use, or health care utilization at baseline (data not shown).
Baseline Comparisons
There were significant differences between groups for baseline demographics, including race and country of birth (Table 1) . Participants in the intervention group were more likely to report having a usual source of health care. The usual care group had significantly lower baseline scores for the EQ-5D Quality of Life health index as well as significantly higher baseline drug and alcohol use scores as measured by the AUDIT and DAST-20 (Table 2) .
Many participants were stably housed (either staying at their own place or with friends and family) prior to enrollment in the study, independent of their assignment to the intervention or usual care groups. At baseline, 36 (78%) participants in the intervention group and 45 (68%) in the usual care group were in stable housing (χ 2 =1.38, df=1, p=0.24).
Repeated-Measures Analysis
Repeated-measures analyses were restricted to the 89 (79%) participants who had data available for all three follow-up interviews. Repeated-measures analysis showed a significant improvement in the Lehman Brief Quality of Life satisfaction with living situation score in the intervention group compared with the usual care group (time, F 3,3,261 =47.68, pG0.01; group×time, F 3,3,261 =14.60, pG0.01; Table 3 ). Significant improvements over time were also observed for the Lehman Brief general life satisfaction score (F 3,3,261 =3.61, p=0.02), satisfaction with finances score (F 3,3,261 =6.98, pG0.01), and satisfaction with safety score (F 13,3,261 =14.03, pG 0.01); however, these improvements occurred independently of assigned housing group (Table 3) . Repeated-measures analyses showed no significant within-subject effects for time or the group×time interaction with respect to SF-36 physical and mental health summary scores, EQ-5D Quality of Life scores, AUDIT alcohol use scores, DAST-20 drug use scores, or health care utilization (Table 3) . (Table 3) . There was also a significant within-subject group×time interaction effect for the number of days spent on the street in the past six months (F 3,3,261 =3.79, p=0.02) . During the study period, the number of days spent in stable housing significantly increased (F 3,3,261 = 9.96, pG0.01), and participants in the intervention group spent significantly more days in stable housing in the past six months (F 1,87 =15.65, pG0.01; Figure 1) . However, the improvement in residential stability over time did not differ between groups, as the test for the within-subject group×time interaction effect was not significant (F 3,3,261 =1.74, p=0.17; Table 3 ).
DISCUSSION
Our results show that individuals accepted into a supportive housing program had significant improvements over time in only one dimension of quality of life, their satisfaction with living situation, in comparison to participants who were wait-listed for the program. We did not observe any significant improvements in other aspects of quality of life or health status, nor did we observe any decreases in substance use or health care utilization that could be attributed to the supportive housing program. Participants in the intervention group spent consistently more days in stable housing in the past 6 months compared with the usual care group, and significant improvements in residential stability were observed in both groups over the follow-up period. However, the change in residential stability over time was not significantly different between the two groups, and the majority of participants, regardless of their study assignment, acquired stable housing at some point during the 18-month follow-up. Only five participants remained homeless throughout the study period.
Our study made use of a natural experiment at a community-based agency that was providing housing to homeless and marginally housed individuals. Consequently, we had no control over how the intervention was implemented. Our baseline data suggests that individuals who were accepted into the program had lower composite scores for drug and alcohol use and had spent fewer nights living on the streets in the past 6 months. As indicated by these differences between groups at baseline, the assignment of participants to the intervention or usual care groups was not random and may suggest a tendency for the program to accept individuals who were less active substance users and who may have been considered more likely to be successful residents in the program. A central value espoused by supported housing programs such as Pathways to Housing is to target these "hardest to house" individuals. 32 However, as our findings show, supportive housing programs may not always admit those individuals who are considered the "hardest to house," such as those who are chronically homeless and/or dually diagnosed with substance abuse and psychiatric problems. Furthermore, supportive housing programs may preferentially select applicants who are considered to have higher social functioning, as these applicants may be perceived as being better able to adapt to and function within a cooperative housing community.
Prior research involving homeless and vulnerably housed adults have shown improvements in residential stability and decreases in health care utilization resulting [16] [17] [18] The effects of supportive housing on substance use are less clear. Drake et al. (1997) observed modest, yet significant, decreases in alcohol and drug use after 18 months of follow-up among participants who were placed in housing. 18 In their study of homeless veterans with substance use and/or psychiatric disorders, Clark and Rich (2003) found decreased substance use over a 12-month period, but no differences in level of improvement were found when comparing a comprehensive supportive housing program that included case management to case management alone. 16 In contrast to the previous literature, we observed no significant differences in health status, substance use, health care utilization, or residential stability between the two groups over time resulting from our supportive housing program. A number of factors may explain our findings. First, an unexpectedly large proportion of participants who applied to the supportive housing program were already living in stable housing prior to enrollment. As a result, this study had a reduced ability to assess the effects of a transition from homelessness to stable housing on the outcomes of interest.
Second, the power of this study to detect differences between the two groups was limited by a relatively small sample size. Supportive housing programs are often FIGURE 1. Change in days spent in stable housing in the past 6 months from baseline to 18-month follow-up among Evangel Hall supportive housing study participants with complete follow-up data (n=89; excludes participants with missing data for at least one follow-up interview).
constrained by funding and resource availability, as the costs of housing subsidies and support services are often prohibitively high. The program studied here provided 66 newly built units for single adults; our sample of eligible applicants was limited to 166 individuals, of whom only 112 consented to participate. Studies of larger-scale interventions are preferable because they provide greater power, but such research opportunities are relatively rare.
Third, many individuals in the usual care group obtained stable housing during the follow-up period through means other than the supportive housing program under study. Of note, our findings are similar to that of a study conducted in San Francisco that did not demonstrate a difference in utilization patterns between intervention and control groups among applicants to a supportive housing program. 31 Kessell et al. (2006) compared health care utilization between applicants who were placed in supportive housing and those who were wait-listed for the program and found high rates of acute and ambulatory health services utilization in both groups. 31 In both the present study and the Kessell study, a substantial proportion of individuals in the usual care group obtained housing during the follow-up period. Similarly, in a recent study comparing homeless and unstably housed persons living with HIV/AIDS who were randomized to either rental assistance or customary care, the limited ability to detect meaningful between-group changes over time using intent-to-treat analyses was attributed to the attainment of stable housing among participants. 33 For their study, Wolitski et al. (2010) observed that 51% of participants in the comparison condition obtained stable housing during the 18-month follow-up period. 33 Finally, we used self-report to assess hospitalizations, emergency room visits, psychiatric visits, and non-psychiatric medical professional visits. In contrast, other studies have used administrative databases to obtain health care utilization data for their participants. Self-reported health care use can be inaccurate among homeless populations, which may have contributed to the lack of observable differences between groups, especially if accuracy in reporting differed by group. 34, 35 Additionally, these studies were all conducted in the United States, where lack of health insurance is a major financial barrier to care. 19 Because our study was conducted in a country with a system of universal health insurance, health care utilization rates may be less impacted by the provision of supportive housing. 1 Despite the lack of observable difference in residential stability between groups, it is encouraging that study participants achieved extremely high rates of retention in stable housing and demonstrated significant increases in the number of days spent in stable housing over time. Over 95% of participants in the intervention group maintained their housing during the study period. Only two participants in the intervention group became homeless again at some point during the study period. Additionally, almost 90% of participants in the wait-listed group were in stable housing at the end of the study period.
Follow-up rates for our study were relatively high, especially considering the often transient and hard-to-reach nature of this population. Over 90% of participants completed at least one follow-up interview and 80% completed all three. Attrition was minimized by a number of strategies. At the time of each interview, participants were asked to provide contact information of friends, relatives, service providers, and case workers who were most likely to know their whereabouts and who could be contacted in order to locate them. Regular in-person or telephone contacts and letters were used throughout the study period to determine the participant's whereabouts, update their contact information, and remind them of their next follow-up interview. Participants receiving social assistance also gave consent for the research team to contact social services to obtain information on their current mailing address and phone number over the study period.
CONCLUSIONS
Our results show that residential stability can be maintained at high rates among individuals who are homeless or vulnerably housed, even if poor physical and mental health status and substance use issues are present. Further research is needed to determine the impact of supportive housing programs on health care utilization and substance use among these highly disadvantaged populations within a system of universal health insurance coverage. The ability to detect any such effects will be substantially reduced if the housing program under study accepts a large proportion of vulnerably housed rather than homeless individuals or if a large proportion of individuals in the usual care group are able to obtain housing independent of the housing program.
